Introduction {#Sec1}
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Ceftolozane/tazobactam (C/T) is a novel beta-lactam/beta-lactamase inhibitor combination antibiotic, recently approved in December 2014. It offers broad spectrum coverage for many Gram-positive and Gram-negative organisms, including some multi-drug-resistant (MDR) strains \[[@CR1]\]. In addition to activity against some AmpC beta-lactamases and extended-spectrum b-lactamase-producing Enterobacteriaceae, C/T has demonstrated impressive antipseudomonal in vitro activity. It has been shown recently in a large US surveillance study to be among the most potent antipseudomonal agents currently available, retaining activity against cefepime, piperacillin/tazobactam and carbapenem non-susceptible isolates as well as those defined as MDR \[[@CR2]\].

C/T is currently approved by the United States Food and Drug Administration (FDA) for treatment of complicated intra-abdominal infections (cIAI), in combination with metronidazole, as well as for complicated urinary tract infections (cUTI), including pyelonephritis \[[@CR1], [@CR3]\]. Ongoing Phase 3 trials are currently in progress for the treatment of ventilator-associated and nosocomial pneumonia \[[@CR4]\]. While patients with concurrent bacteremia were included in Phase 3 studies, there were few, and thus little is known about the use of this agent for treatment of bacteremia, specifically due to *Pseudomonas aeruginosa* (PSA) and the appropriateness of the recommended renally adjusted regimens \[[@CR5], [@CR6]\]. We describe a case of a 66-year-old man with a history of chronic kidney disease and recurrent nephrolithiasis with bilateral stents who had positive concurrent urine and blood cultures for MDR PSA, susceptible only to amikacin and colistin. Due to the MDR phenotype and his underlying kidney disease, a renally adjusted C/T monotherapy regimen was initiated for his bloodstream infection (BSI).

Case Presentation {#Sec2}
=================

A 66-year-old Caucasian man with past medical history significant for morbid obesity, chronic kidney disease (baseline Cr 3.0--3.4 mg/dl; estimated creatinine clearance CrCl \~35 ml/min; not on dialysis), right-sided heart failure, hypothyroidism, recurrent nephrolithiasis and urinary tract infections with multiple urologic procedures, was admitted to the hospital with complaints of fevers and chills. Blood cultures taken on admission returned positive for *Proteus mirabilis*. Initial urine cultures revealed *P. mirabilis* and *Klebsiella pneumoniae* and a repeat urine culture a day later revealed *P. mirabilis* along with an MDR PSA. CT preformed of the abdomen showed an obstructing 7 mm calculus within the proximal right ureter, near the right ureteropelvic junction. Right hydronephrosis and additional calculi within the right renal pelvis were also noted. The patient was treated with ceftriaxone and underwent cystoscopy, bilateral retrograde pyelogram and bilateral stent placement the day after admission. The patient was transferred to the long-term care center of the hospital where he completed 2 weeks of ceftriaxone for the bacteremia and then was continued on the same antibiotic as suppressive therapy until another upcoming genitourinary procedure, given the patient's history of recurrent infections.

Approximately 3 weeks after this initial episode of Proteus bacteremia, the patient developed fevers and chills, and urine and blood cultures both revealed MDR PSA, susceptible only to amikacin and colistin. The patient had initially been placed on piperacillin/tazobactam as empiric therapy, but when susceptibility results returned, a switch was made to amikacin while awaiting susceptibility results for C/T which had been requested. He was continued on amikacin for a week during which time he underwent a cystoscopy, bilateral ureteroscopy and bilateral stent exchange. Post-procedure, the patient developed shaking chills and fever. Blood cultures were obtained and again revealed MDR PSA, this time sensitive only to colistin. C/T susceptibility results from the previously positive blood culture had returned by this time. The minimum inhibitory concentration (MIC) for the PSA was 2/4 µg/ml for C/T, indicating susceptibility (susceptible = MIC ≤4/4 µg/ml based on FDA susceptibility criteria) \[[@CR1]\]. Amikacin was discontinued and monotherapy with C/T at the renally adjusted dose of 375 mg (250 mg/125 mg) was initiated intravenously every 8 h, according to manufacturer recommendations \[[@CR1]\]. Colistin was avoided due to the patient's worsening renal function in the setting of his CKD. The second MDR PSA isolate from the later bacteremia had also tested susceptible to C/T, with the same MIC. The patient tolerated this therapy well, with prompt resolution of symptoms and clearance of bacteremia. The first negative blood culture was drawn approximately an hour after first dose of C/T was given. Two weeks after the stents had been exchanged, they were removed. Blood cultures taken the same day as the stent removal were negative. The planned duration of C/T therapy was 2 weeks post-stent exchange, with the patient receiving a total of 25 days of therapy. Blood cultures obtained at 1 week, 11 days, 3 weeks and 7 weeks after completion of C/T all remained sterile.

Methods and Results {#Sec3}
===================

The patient had received 46 doses of C/T (well after the fifth dose when steady state is expected to be achieved) before serum drug levels were checked. Blood was obtained at the end of infusion (1 h) and at 3, 5 and 8 h for drug concentration determination using a validated high-performance liquid chromatography method at the Center for Anti-Infective Research and Development, Hartford Hospital, Hartford \[[@CR7]\]. Total C/T serum concentrations at 1, 3, 5 and 8 after the start of the infusion were 41.4/6.9, 36.8/5.1, 28.7/3.2 and 21.9/2.8 µg/ml, respectively. Using a non-compartmental pharmacokinetic approach, the area under the concentration--time curve (AUC) over the dosing interval was calculated to be 473 µg h/ml for C, while its half-life was estimated to be 7.4 h. Importantly, the recommended renal adjusted dose produced concentrations of C that were maintained above the MIC of the infecting PSA as well as the susceptibility breakpoint of 4 µg/ml through the entire dosing interval. As a result of the low protein binding of C, approximately 19% \[[@CR1]\], even if free drug concentrations were to be estimated, concentrations would still be expected to be well above the 4 µg/ml breakpoint value. The patient did not experience any adverse effects attributed to C/T. Informed consent was obtained from all patients for being included in the study.

Discussion {#Sec4}
==========

C/T demonstrated efficacy against an MDR PSA bacteremia from a presumed genitourinary source in this patient. It was found to be safe and provided sufficiently high drug concentrations that exceeded the MIC of the infecting organism over the course of therapy. In an era where few novel antimicrobial agents are available to combat the increasing trend in MDRs, newer antibiotics such as C/T are welcome additions to the limited treatment options. Although not currently indicated for bacteremia, C/T demonstrates excellent in vitro activity against MDR PSA and possesses appealing potential for these infections.

While Phase 3 studies have demonstrated clinical and microbiological efficacy of C/T for PSA isolates, very few subjects had concurrent bacteremia. In the ASPECT-cUTI trial (ClinicalTrials.gov identifier, NCT01345929) where C/T was compared with levofloxacin in the treatment of UTIs, including pyelonephritis, 7.3% versus 8.2% had associated bacteremia in the C/T and levofloxacin groups, respectively \[[@CR5]\]. The main etiology for bacteremia was *Escherichia coli* and occurred in patients with pyelonephritis. C/T had a composite cure of 79.3% in patients with bacteremia vs. 57.6% for levofloxacin; however, the breakdown of etiologic organisms per specific culture site was not disclosed in the study. Although C/T resulted in microbiological eradication in 85.7% (6/7) of subjects with PSA as the baseline pathogen, the incidence was small and thus statistical conclusions could not be drawn \[[@CR5]\].

Similarly, in the ASPECT-cIAI (ClinicalTrials.gov identifier, NCT01445678) trial where C/T in addition to metronidazole was compared to meropenem for treatment of cIAI, PSA accounted for 8.9% of baseline pathogens from intra-abdominal specimens, with the majority of infections being polymicrobial \[[@CR6]\]. MDR PSA isolates, though present in this study, accounted for 11.5% of all individual PSA isolates. Susceptibility rates to C/T and meropenem for PSA were 98.6% and 89.9%, respectively. Clinical cure of PSA infection was demonstrated in 100% (26/26) of infections treated with C/T plus metronidazole and in 93.1% (27/29) treated with meropenem. Concurrent bacteremia was only present in about 2% of patients in each treatment arm. Interestingly, in sub-group analyses of the microbiologically evaluable population, lower clinical cure rates were seen in patients with moderate renal impairment (CrCl \<50 ml/min), in both treatment groups. Patients with severe renal impairment (CrCl \<30 ml/min) were excluded from the study \[[@CR6]\]. Our patient falls into this latter category, and while there was no guidance as to effective dosing from the literature, manufacturer recommendations were used to guide dosing \[[@CR1]\]. Importantly, the pharmacokinetic data derived from this case confirm the adequacy of the manufacturers' defined renal dose in a bacteremic patient with multiple co-morbid conditions as the concentrations were maintained well above the susceptibility breakpoint value of 4 µg/ml. Moreover, the overall exposure as defined by the AUC for this dosing regimen was quite similar to dose-adjusted exposures previously defined in non-infected renal patients \[[@CR8]\].

Rates of infection due to MDR PSA are increasing, leading to increased mortality and healthcare costs in addition to treatment challenges for clinicians \[[@CR9]--[@CR11]\]. Often, very few therapeutic options exist and patient allergies and intolerance to antimicrobials can limit these options even further. Emergence of resistance occurring during treatment of initially susceptible infections also complicates management of these infections. Consideration should be given to the pharmacokinetics and pharmacodynamics of an antimicrobial agent to optimize dosing, particularly in the treatment of MDR infections, as subtherapeutic drug levels can lead to development of resistance. Activity of beta-lactam antibiotics is determined by the proportion of the dosing interval that the free drug remains above the MIC (T \> MIC). Specifically for cephalosporins, the goal T \> MIC is considered 60--70% \[[@CR12]\]. The challenge arises when treating organisms associated with higher MICs, such as PSA, as target drug levels are often unattainable when using conventional dosing of older antibiotics. In an attempt to optimize exposures, alternative dosing methods such as extended and continuous infusions of beta-lactams aim to extend the T \> MIC, thus theoretically increasing efficacy and offering a potential benefit when treating infections associated with higher MICs.

While the above dosing interventions may be required to optimize the exposures of less potent compounds, the utilization of the C/T renally adjusted regimen in the current case offered the opportunity to provide exposures (i.e., AUC and T \> MIC) similar to that expected after the administration of the 2000/1000 mg regimen in patients with normal renal function. While this regimen provided an optimized pharmacodynamic profile which resulted in a rapid clinical response and eradication of this MDR pathogen, the exposure obtained in this patient was also similar to that observed by VanScoy and colleagues as being required to prevent the amplification of PSA-drug-resistant bacterial subpopulations using a hollow-fiber infection model \[[@CR13]\].

Though the controversy of combination therapy versus monotherapy has not fully been elucidated, therapy for severe infections with two antipseudomonal agents are often empirically started to avoid inadequate therapy or treatment failure \[[@CR14]\]. Multi-drug resistance has been shown to be associated with inappropriate empirical antibiotic therapy, and although inappropriate initial coverage for PSA BSI has been shown to be an independent risk factor for mortality, there is some conflicting evidence in the literature \[[@CR15]--[@CR19]\]. Successful regimens for MDR PSA infections, mainly described in the form of case reports and retrospective reviews, have included continuous-infusion meropenem, parenteral colistin therapy with and without the addition of rifampin, and combination therapy with antipseudomonal beta-lactams plus aminoglycosides \[[@CR15], [@CR16], [@CR20]\]. Double antipseudomonal beta-lactam therapy with or without the addition of an aminoglycoside has been shown in vitro to have synergy effects despite resistance to one or more of these agents, though clinical data are lacking \[[@CR21], [@CR22]\].

In vitro studies have demonstrated C/T to have high activity against pseudomonal isolates, including MDR strains \[[@CR2]\]. In addition to the recent study by Sutherland and Nicolau, Farrell DJ, et al. described the activity of C/T against 7071 Enterobacteriaceae and 1971 PSA isolates collected from US hospitals between January 2011 and December 2012 \[[@CR23]\]. Among all antipseudomonal antibiotics tested, including ceftazidime, meropenem, piperacillin/tazobactam, levofloxacin, gentamicin, and colistin, C/T was the most potent agent tested, inhibiting 96.1% of isolates, at an MIC of ≤4 µg/ml. C/T was the second most active agent, after colistin, against 310 MDR PSA isolates, defined as non-susceptibility to ≥1 agent in ≥3 antimicrobial classes. In this analysis, there was only one isolate that showed resistance to all antimicrobial classes, and C/T demonstrated no observable activity against it. C/T was, however, shown to maintain activity in strains that showed combined resistance to multiple antibiotics, including ceftazidime, meropenem, and piperacillin/tazobactam.

Conclusion {#Sec5}
==========

The package insert recommended renal dose of C/T was used successfully and safely as monotherapy to treat an MDR PSA bacteremia in a patient with a presumed genitourinary source and severely compromised renal function. More data are required to determine the clinical utility of C/T in the setting of MDR PSA bacteremia as well as various degrees of renal dysfunction.
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